Abstract -A study was undertaken to assess the impact of the protein nature and soya antigenicity on the morphology and some enzyme activities of the jejunum in preruminant calves. Twenty Holstein calves fitted with a duodenal cannula were fed a liquid diet based on skimmed milk powder (SMP) for 2 weeks. They were then switched onto diets containing a mixture of SMP and either antigenic heated soybean flour (HSF; n = 12) or hypo-antigenic soya protein concentrate (SPC; n = 8) for 8 weeks, after which they were reverted back to the SMP diet for 2 weeks. The diets contained similar amounts of digestible nitrogen and energy, and were fed at a rate of 55 g DM/kg o . 75/d. Proximal jejunal biopsies were collected just before (week 0), during (weeks 2 and 8) and after (week 10) feeding of the soya-based diets, and were used for morphology measurements and the determination of total alkaline phosphatase, lactase, amino-peptidases A and N, and dipeptidyl peptidase IV activities. Feed intake and growth were similar between the HSF and SPC groups during the experimental period. The effects of antigenicity and the antigenicity x time interaction were never significant (P > 0.05). Villus height decreased (P < 0.01) between weeks 0 and 2, and increased (P < 0.05) between weeks 8 and 10. Villus width increased between weeks 2 and 8 (P < 0.001 Crypt depth also increased between weeks 0 and 2 (P < 0.001 Specific activities of alkaline phosphatase (P < 0.01) and amino-peptidase N (P < 0.05) decreased between weeks 0 and 2. Conversely, those of alkaline phosphatase (P < 0.0001 ), lactase (P < 0.01) and dipeptidyl-peptidase IV (P < 0.0001) increased between weeks 8 and 10. Specific activities for lactase and amino-peptidase N decreased (P < 0.01) between weeks 2 and 8. 
. The antigenicity and anti-nutritional activities of soybean are also important factors to consider. The digestibility of soybean nitrogen in calves was indeed found to be negatively correlated with the concentrations of immunoreactive glycinin, a-conglycinin and (3-conglycinin, and with the anti-tryptic activity in these products [18] . Under our experimental conditions, in which soybean provided between 58 and 71 % of dietary crude protein (CP), the digestibility of soybean N was best predicted by the levels of immunoreactive p-conglycinin, or by the anti-tryptic activity when the products were devoid of (3-conglycinin. Highly antigenic products, such as heated soybean flour, presented the lowest digestibility, which could be partially explained by an increased flow of undigested globulins in the ileum [37] . The intrinsic resistance of legume seed protein to digestion [23] [19] . The (3-conglycinin appears to be the most allergenic [19] . As a consequence, villus atrophy and increased densities of T and B lymphocytes in the mucosa can be observed [18] . Information This represented approximately 90 % of the usual feed intake [18] . The calves were weighed weekly in order to adjust the amounts of distributed feed. Biopsy specimens were removed from the proximal jejunum just before (week 0), during (ends of weeks 2 and 8) and 2 weeks after (end of week 10) feeding of the soya-based diets. An adult-size Watson capsule (T.C. Components Ltd, Hampton, UK) [4] bonded to a PVC tubing (6 mm internal diameter) was inserted in the duodenum through the cannula and gently pushed through the gut. The mucosa was sampled approximately 1 m distally from the site of cannulation by suction using a 20-mL syringe. In each case, two specimens were collected, washed in physiological saline and observed under a dissecting microscope. One biopsy was fixed in phosphate-buffered formalin (10 %, pH 7.6) while the other was immediately frozen.in liquid nitrogen and stored at -80 °C for subsequent analysis of enzyme activities.
Plasma anti-soya antibody titres
Plasma anti-soya antibody titres were determined with the passive haemagglutination test of sheep red blood cells using a saline extract of HSF (1 mg.ml ') as the coating antigen mixture [17] . Titres were defined as the number of doubling dilutions from the initial plasma dilutions of 1:20 which led to the disappearance of haemagglutination.
Histomorphometry
Methods for assessing the intestinal tissue morphology were based on those described by Goodlad et al. [6] . The [28] . The substrates used were 1 mM a-L-glutamic acid 4-nitroanilide, 1 mM L-alanine 4-nitroanilide, and 1.5 mM glycyl-L-proline 4-nitroanilide, respectively [31] . The absorbance of the released p-nitroaniline was read at 410 nm using p-nitroaniline standards.
All [26] . Here, we chose a moderate feeding plan because at higher levels calves tend to refuse soyabased diets, especially with insufficiently processed products such as HSF [15] . 4 [16, 17] . The immunogenicity of the HSF product tested here was rather moderate because anti-soya antibody titres in plasma were 3 units (i.e. 8-fold) lower than in our previous studies, after similar periods of soya feeding. This, together with the lack of diarrhoea and effects of soya antigenicity on the small intestine morphology, epithelial proliferation and enzyme activities, suggest that the calves were fairly tolerant to HSF. It must be kept in mind, however, that in sensitive calves, immunemediated gut disorders to HSF are associated with partial villus atrophy and crypt hyperplasia [14, 25] . In this situation, not observed here, changes in villus height and crypt depth may be linked with underlying cellular events, among which the activation of local T lymphocytes could play an important role [3, 33] . Although major changes in immune cell populations of the mucosa were not observed here (J.P. Lalles et al., unpublished data), the hypothesis of the immune modulation of intestinal morphology and dynamics is consistent with our previous observations that the density of T lymphocytes was increased in the mucosa of sensitive calves [16] . Nevertheless, switching calves from SMP to soya negatively affected the jejunal villus height and enzyme activities, probably reflecting an increased immaturity of enterocytes along the villus axis. This may favour sensitization in predisposed animals because Heyman et al. [ 10] Grant et al. [7] who found that jejunal villus height and lactase activity were reduced in calves fed SPC. Epithelial cell proliferation tended to increase, however, with soya feeding, while it was shown to decrease in the work by Grant et al. [7] . In that study, the incorporation rate of soybean protein and the levels of feeding were lower than in the present experiment. Nevertheless [5, 24, 41] . On the contrary, the effects of the nature of dietary protein on intestinal morphology and function have rarely been studied. Seegraber and Morrill [30] noted that calves fed casein had villi which were less uniform than those fed SMP after 6 weeks, and became shorter and broader after 10 weeks. Protein intake was, however, also lower with casein. Blunting and shortening of villi were recorded after 4 weeks of soya feeding [30] . But [28] ; tri-iodo-thyronine [34] ; insulin [2] ), growth factors (EGF, IGF, TGF [27] ) and polyamines [13] .
The influence of most of these factors has not yet been studied in the calf. However, polyamine supplementation was shown to reverse partial jejunal villus atrophy and to reduce epithelial cell proliferation observed in calves fed SPC [7] . Gastrin and perhaps CCK are important for mucosal growth of the small intestines but the actual mechanisms are not completely understood [13] . Le Dr6an et al. [19] [12] . Alkaline phosphatase activity was also lower with lactalbumin, egg albumin, zein, gelatin or wheat gluten than with the phosphoproteins casein and vitellin [36] . Feeding a high-proline-rich diet resulted in an increased expression of intestinal brush border dipeptidyl peptidase IV [32] . Soya protein contains about 40 % less proline than milk protein [8] . This could have partially contributed to the variations observed here for the activity of this enzyme.
Among dietary factors, increasing the protein level in the diet from 5-6 to 25-26 % increased the mucosal activities of alkaline phosphatase and amino-peptidase N, but decreased that of lactase [9, 40] . Dietary restriction was shown to increase lactase and leucine amino-peptidase activities in the proximal intestine of nursing piglets [24] . 4 
